N-Shc and Sck, two neuronally expressed Shc adapter homologs. Their differential regional expression in the brain and roles in neurotrophin and Src signaling.
The Shc adapter protein is ubiquitously expressed and has been implicated in phosphotyrosine signalings following a variety of extracellular stimulation, e.g. growth factor stimulation, Ca2+ elevation, and G-protein-coupled receptor stimulation. In neuronal cells such as PC12, Shc was demonstrated to be involved in vitro in Ras-dependent mitogen-activated protein kinase activation following nerve growth factor stimulation and Ca2+ entry. However, Shc mRNA was hardly detectable in the brain, and therefore, Shc is unlikely to participate in phosphotyrosine signaling in the central nervous system. Two recently isolated Shc homologs, N-Shc and Sck, have been shown to be expressed in the brain and are expected to function as neuronal adapters instead of Shc. In this study, the neuronal distribution and function of these novel Shc members were investigated. In human and rat central nervous systems, the expression profiles of N-Shc and Sck mRNAs considerably overlapped, although some distinct localization between them was observed: in the adult rat brain, the level of N-Shc mRNA was the highest in the thalamus, whereas that of Sck mRNA was the highest in the hippocampus. In the peripheral nervous system, transcripts of Shc and Sck, but not of N-Shc, were detected. Immunoprecipitation experiments demonstrated functional differences between N-Shc and Sck: (i) N-Shc was a higher affinity adapter molecule than Sck in nerve growth factor and brain-derived neurotrophic factor signaling; and (ii) N-Shc, but not Sck, was efficiently phosphorylated by activated Src tyrosine kinase, whereas Sck, but not N-Shc, formed a complex with pp135, a protein highly phosphorylated by v-Src. These results suggest that neurally expressed N-Shc and Sck may have distinct roles in neuronal signaling in the brain.